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FIG. 10
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1

PREVENTION OF GAS HYDRATES
FORMATION IN BOP FLUIDS IN DEEP
WATER OPERATIONS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application 61/897,727 filed on Oct. 30, 2013, which 1s
incorporated by reference 1n its entirety.

TECHNICAL FIELD

This invention relates to the field of deep sea drilling. More
particularly, this invention relates to methods and composi-
tions for the prevention of gas hydrate formation within deep
water hydraulic systems.

BACKGROUND OF THE INVENTION

A clathrate 1s a chemical substance consisting of a lattice
that traps or contains molecules. Clathrates, or gas hydrates,
are crystalline water-based solids in which small non-polar
molecules (typically gases) are trapped inside “cages” of
hydrogen bonded, frozen water molecules. Gas hydrates are
found 1n Arctic and Antarctic 1ce sheets, where air trapped
within snow becomes a stable (air) gas hydrate at high-depth
and low-temperature conditions. Nitrogen gas and water can
form a nitrogen gas hydrate in which a large amount of
nitrogen 1s trapped within a crystallized water lattice.

Gas hydrates are typically stable under low-temperature
and high-pressure conditions. Gas hydrate formation 1s prob-
lematic for the o1l and gas industry in deep water drilling
operations, owing to low temperature and high pressure con-
ditions that favor the formation of gas hydrates.

For example, the National Oceanic and Atmospheric
Administration (NOAA) provides ocean temperatures at
depth for various locations in the Pacific Ocean as well as
other locations (McPhaden 1999). Typically, ocean depth can
be divided into three vertical layers. The top layer 1s the
surface layer, or mixed layer. Water temperature 1s highest in
the surface layer, and 1s easily influenced by solar energy,
wind, and rain. The next layer 1s the thermocline, where water
temperature drops rapidly as the depth increases. The lowest
layer 1s the deep-water layer. Water temperature in this zone
decreases slowly as depth increases. Water temperature 1n the
deepest parts of the ocean averages about 36° F. (2° C.).

Hydrostatic pressure at depth h beyond the water’s surface
1s given by the formula p=p_+p-g-h, where p_ 1s atmospheric
pressure at sea level, p 1s the density of water, and g 1s
gravitational acceleration. In order to operate at drilling
depths, BOP control systems are designed to operate against
extreme hydrostatic pressures. BOP accumulators are
charged with up to 10,000 pounds per square inch (ps1) of gas,
typically nitrogen gas, to provide hydraulic actuating force
tor BOP control systems. In some examples, BOP control
system pressure 1s 3,000 psi+the hydrostatic pressure of the
seawater above 1t.

(Gas hydrates may unexpectedly form within BOP control
fluid at the temperature and pressures encountered by BOPs
in deep water drilling operations. Gas hydrate formation 1s
exacerbated when dnlling in colder arctic waters, which
occurs at temperatures near the freezing point ol water. Nitro-
gen gas hydrate formation 1n subsea BOP control systems 1s
believed to be the result of nitrogen gas entrapped 1n the
tubing, or escaped from the subsea accumulator bottles. The
formation of nitrogen gas hydrates, or nitrogen hydrates, 1n

10

15

20

25

30

35

40

45

50

55

60

65

2

the control system of a BOP 1s consistent with the loss of
control of'the BOP. There 1s aneed in the industry for methods
and compositions to prevent the formation of gas hydrates
within BOP control systems.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, reference 1s now made to the following descriptions
taken 1n conjunction with the accompanying drawing, in
which:

FIG. 11s a graph 1llustrating ocean temperature at depth for
various locations 1n the Pacific Ocean. A BOP control system
operating condition 1s superimposed (Operating Point, filled
square);

FIG. 2 1s a graph of ocean temperature as a function of
water depth, with a superimposed nitrogen hydrate phase
equilibrium boundary line. The area below the diagonal line
represents conditions that are favorable for mitrogen hydrate
formation;

FIG. 3 1s graph 1illustrating a nitrogen hydrate phase dia-
gram. The fitted hydrate phase equilibrium line separates
conditions that favor the formation of nitrogen hydrates from
conditions that do not favor the formation of nitrogen
hydrates. The Carroll-Duan correlation line 1s fitted to various
data points obtained from the literature. A BOP control sys-
tem operating condition 1s superimposed (Operating Point,
filled square). The BOP operating point 1s located within the
temperature-pressure region that favors nitrogen hydrate for-
mation;

FI1G. 4 1s a schematic of the high pressure autoclave test cell
employed 1n the experiments;

FIG. 5 1s a graph of experimental results for the nitrogen
hydrate testing. The proposed hydrate formation and disso-
ciation point are derived from 1sochore tests;

FIG. 6 1s a graph illustrating a nitrogen hydrate phase
diagram and includes data points for customary hydraulic
fluids and presently-described compositions;

FIG. 7 1s a table and corresponding graph of nitrogen
hydrate dissociation point measurements in the field water
(FW), deionized water, 5 mass % Fluid A 1n water, and 5 mass
% Fluid A+30 mass % MEG 1n water;

FIG. 8 1s a graph demonstrating kinetic behavior of a 3%
Fluid A+distilled water flmd at 3° C. and 35,000 psig;

FIG. 9 15 a graph 1illustrating the percent volume of glycol
employed to prevent hydrate formation for a 3,000 psig sys-
tem pressure at the given water depths. The internal system
control pressure 1s 3,000 psi+the hydrostatic pressure of the
seawater above 1t; and

FIG. 10 1s a graph 1llustrating the percent weight of glycol
needed to prevent hydrate formation.

BRIEF SUMMARY OF THE INVENTION

The present invention 1s directed to method and composi-
tions for preventing the formation of gas hydrates in BOP
fluids 1n deep water well operations. The method comprises
the step of adding at least 28% by volume of an alcohol to a
BOP fluid to give a hydrate-resistant BOP fluid. The alcohol
1s selected from the group consisting of monoethylene glycol,
propylene glycol, glycerol, methanol, and a mixture thereof.
Deep water well operations include drilling operations that
occur below the surface of water.

A hydrate phase equilibrium line divides a BOP fluid’s
pressure-temperature graph nto a region that favors the for-
mation of gas hydrates and a region that does not favor the
formation of gas hydrates. Addition of at least 28% by volume
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of an alcohol to a BOP fluid shiits the hydrate phase equilib-
rium line to a state where a hydrate will not form under a given
set of operating conditions. In some embodiments, addition
of at least 28% by volume of an alcohol to a BOP fluid reduces
the temperature of the BOP fluid’s hydrate phase equilibrium
boundary approximately 10° C. for a given pressure. In some
embodiments, 30% by volume of an alcohol 1s added to the
BOP fluid. In embodiments, addition of an alcohol to a BOP
fluid protects the BOP fluid against freezing.

In embodiments, BOP fluid comprises water and one or
more tluid concentrate additives. Water may be selected from
deionized water, sea water, rig potable water, and other types
of water available to those of skill 1n the art. Fluid concentrate
additives comprise one or more salts, lubricity components,
¢.g., mineral oils, vegetable oils, synthetic hydrocarbon oils,
synthetic silicon-based oils, phospholipids, and mixtures
thereol, antifreeze components, anti-corrosion components,
bacterial and/or fungal growth inhibitors, elastomer compat-
ibility components, and other components that affect fluid
physical properties, such as pour point, viscosity, pH and
specific gravity. In one embodiment, a hydrate-resistant BOP
fluid comprises 5% by volume of a fluid concentrate additive,
at least 28% by volume of an alcohol, and a balance of rnig
potable water. In one embodiment, a hydrate-resistant BOP
fluid comprises 5% by mass of a fluid concentrate additive, at
least 28% by mass of an alcohol, and a balance of rig potable
water.

A method for preventing gas hydrate formation in BOP
fluids 1n deep water well operations 1s described, comprising
the step selected from the group consisting of: verification of
stack mounted accumulator seals on a BOP, addition of at
least 28% by volume of an alcohol to BOP fluid, addition of
another 1inhibitor to the BOP fluid, the replacement of nitro-
gen with helium or neon as the accumulator working gas, and
monitoring the BOP control system to determine if a leak has
occurred and initiate a countdown.

A hydrate-resistant BOP fluid comprises water and at least
28% by volume of an alcohol. The alcohol may be selected
trom the group consisting of monoethylene glycol, propylene
glycol, glycerol, methanol, and a mixture thereof. In some
embodiments, a hydrate-resistant BOP fluid comprises water
and at least 28% by volume of an alcohol. In further embodi-
ments, a hydrate-resistant BOP fluid comprises water and at
least 28% by mass of an alcohol.

Asused herein the specification, “a” or “an” may mean one
or more. As used herein 1n the claim(s), when used 1n con-
junction with the word “comprising”’, the words “a” or “an”
may mean one or more than one. The terms “BOP flmd”, and
“BOP control system hydraulic fluid” are used interchange-
ably herein.

The use of the term “or” in the claims 1s used to mean
“and/or” unless explicitly indicated to refer to alternatives
only or the alternatives are mutually exclusive, although the
disclosure supports a definition that refers to only alternatives
and “and/or.”” As used herein “another” may mean at least a
second or more.

The foregoing has outlined rather broadly the features and
technical advantages of the present invention in order that the
detailed description of the mvention that follows may be
better understood. Additional features and advantages of the
invention will be described heremafter which form the sub-
ject of the claims of the invention. It should be appreciated by
those skilled 1n the art that the conception and specific
embodiment disclosed may be readily utilized as a basis for
moditying or designing other structures for carrying out the
same purposes of the present mvention. It should also be
realized by those skilled 1n the art that such equivalent con-
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structions do not depart from the spirit and scope of the
invention as set forth in the appended claims. The novel

teatures which are believed to be characteristic of the inven-
tion, both as to its organization and method of operation,
together with further objects and advantages will be better
understood from the following description when considered
in connection with the accompanying figures. It 1s to be
expressly understood, however, that each of the figures 1s
provided for the purpose of illustration and description only
and 1s not intended as a definition of the limits of the present
ivention.

DETAILED DESCRIPTION OF THE INVENTION

A study of a BOP control system malfunction identified the
cause as 1cing/crystallization of the hydraulic fluid. ROV
noted some 1solated frost-like substance on the exterior sur-
face of several hoses and fittings as well as along the frame-
work below the Super Shear Ram and on the mtermediate
flange. There was also a formation of an 1ce-like substance
originating from the solenoid pilot vent tube when flowing
from the vented solenoid. It was noted that all areas exhibiting
this frost had some type of fluid leak near the observed frost
location when the system was pressured up on surface. Fur-
ther analysis determined that the 1cing/crystallization was gas
hydrates resulting 1n the BOP control system fluid.

As discussed above, FIG. 1 shows the seawater tempera-
ture at depth for various locations in the Pacific Ocean. The
seawater surface temperature varies from 21° C. to near 10°
C. within the first 1,000 1t. Seawater temperatures decrease
quickly 1 depths beyond 1,000 ft. Temperatures less than 5°
C. are not uncommon in water depths greater than 2,000 {t.
The operating conditions of the well site are superimposed on
FIG. 1. The temperature of the water in which the malfunction
occurred was approximately 3° C.

In FIG. 2, a mtrogen hydrate phase equilibrium boundary
line 1s superimposed on a graph of ocean temperature as a
function of water depth. The area below the line represents
conditions that are favorable for nitrogen hydrate formation.
The area above the line represents conditions that are not
favorable for the formation of nitrogen hydrates. FIG. 2
shows that conditions are favorable for hydrate formation 1n
water depths as shallow as 1,800 1t. Recognition of this phe-
nomenon has gone unrecognized for many years. This may be
explained by lack of information concerning the status of the
BOP control system fluid and operating conditions relatively
near the phase equilibrium boundary, which would have a
long gas hydrate formation period.

FIG. 3 1s graph 1llustrating a nitrogen hydrate phase dia-
gram. The fitted phase equilibrium boundary line separates
conditions that favor the formation of nitrogen hydrates from
conditions that do not favor the formation of nitrogen
hydrates. The Carroll-Duan correlation line 1s fitted to various
data points obtained from the literature. Conditions at colder
temperatures and higher pressures will provide more impetus
for hydrate formation and thus reduce the time 1t takes to
form. A BOP control system operating condition 1s superim-
posed (Operating Point, filled square). The BOP operating
point 1s located within the temperature-pressure region that
favors nitrogen hydrate formation.

In order to re-create the gas hydrate formation events,
experiments were performed to simulate the conditions dur-
ing the BOP control system malfunction. The effects of salt
(deionized water vs. rig potable water), fluid concentrate
additive, and additional additives on nitrogen hydrate forma-
tion were examined. The experiments demonstrated the for-
mation of gas hydrates at various pressure, temperature, and
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BOP control system hydraulic fluid combinations. Two
exemplary BOP control system hydraulic fluid additives used
in the experiments described herein are Fluid A and Fluid B.

The experiments utilized a high pressure autoclave test cell
(FIG. 4) custom built for the express purpose of gas hydrate
formation studies. The fluid mixture in the test cell 1s accu-
rately pressurized and temperature controlled. Temperature
probes and pressure transducer monitor the conditions of the
test cell and a magnetic motor spins an agitator at up to 1500
rpm to ensure the fluid mixture 1s well mixed.

The phase equilibrium point of the nitrogen hydrate 1s

determined based on the 1sochoric step-heating method (To-
hidi, et al. 2000). In this method, the cell 1s charged with the
test fluids and pressurized to the desired starting pressure. The
temperature 1s then lowered to form gas hydrates (FIG. 5),
growth being detected by an associated drop in the cell pres-
sure (as gas becomes trapped 1n hydrate structures). The cell
temperature 1s then raised step-wise (~1° C. steps), allowing,
enough time at each temperature step for equilibrium to be
reached. At temperatures below the point of complete disso-
ciation, gas 1s released from decomposing gas hydrates, giv-
ing a marked rise in the cell pressure with each temperature
step. However, once the cell temperature has passed the final
gas hydrate dissociation point, and all gas hydrates have
disappeared from the system, a further rise 1n the temperature
will result only 1n a relatively small pressure rise due to
thermal expansion. This process results in two traces with
different slopes on a pressure versus temperature (P/T) plot,
one before and one after the dissociation point. The point
where these two traces intersect (1.e., an abrupt change in the
slope of the P/T plot) 1s taken as the dissociation point and the
location of the phase equilibrium boundary. For iso-chore
tests, the temperature of the system 1s decreased 1n defined
steps continuously up to the moment that the gas hydrates are
starting to form—see point [ 1] in FIG. 5. Gas hydrate forma-
tion can be 1dentified by a small increase and then a sudden
big decrease 1n pressure [2]. Then, after the gas hydrates
finished forming, see point [3] the sample will be heated up,
point [4], 1n order to see the gas hydrate dissociation.

The experimental testing determined the phase equilibrium
boundary for nitrogen hydrates of several fluids and the
results are 1llustrated 1n FIG. 6. These fluids are as follows:
\htrogen+Dlstllled Water;

ble Water;
Nitrogen+Rig Potable Water+5% Fluid A;
1 1 ble Water+30% Fluid A;
Nitrogen+Rig Potable Water+50% Fluid A;
Nitrogen+Rig Potable Water+35% Fluid A+30% Mono Eth-
ylene Glycol;

Nitrogen+Rig Potable Water+5% Fluid B; and

Nitrogen+Rig Potable Water+10% Fluid B.

The nitrogen hydrate formation experiments conducted
with rig potable water show a small change due to the dis-
solved salt concentrations. However, this effect 1s negligible
in the prevention of hydrate formation. The addition of 5%,
and 10% by mass of BOP fluid additives A and B to the nig
potable water produced a small shift in the nitrogen hydrate
phase equilibrium point. These two different BOP fluid addi-
tive concentrations investigated produced a similar effect,
and any difference between the two 1s not discermible 1n this
study.

Addition of 30% and 50% Fluid A, FIG. 6 filled circle and
filled diamond, respectively, shifted the nitrogen hydrate
phase equilibrium point to lower temperatures at a given
pressure. However, the shift was not suificient to prevent
hydrate formation at the operating conditions.
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A BOP fluid consisting of rig potable water+5% Fluid
A+30% monoethylene glycol produced a temperature reduc-
tion 1n the phase equilibrium boundary of approximately 10°
C. at two different pressures. The addition of 30% monoeth-
ylene glycol shifts the phase equilibrium boundary, FIG. 6
dotted line, such that the resulting BOP fluid can be subjected
to lower temperatures and higher pressures without forming,
gas hydrates. Similar results were observed for the addition of
propylene glycol and glycerol.

FIG. 7 illustrates experimental hydrate dissociation points
for nitrogen gas hydrates 1n the presence of Field Water+5
mass % Fluid A+30 mass % monoethylene glycol. Experi-
mental data generated earlier in this project are shown for
comparison. Predicted hydrate phase boundary (dotted line,
using HydraFILLASH) 1s also presented. As shown 1n FIG. 7,
the operating condition 1s outside the hydrate stability zone
with around 2° C. safety margin. This experiment demon-
strates that by adding 30 mass % MEG to the system (1.e.,
Field Water+35 mass % Fluid A) the hydrate phase boundary
shifts by around 11° C. compared to that of deionized water,
thereby making the resulting system safe for field use.

Gas hydrate formation requires the right conditions to
form, and time 1s one of the variables which influences gas
hydrate formation. The further the well operating condition 1s
from the phase equilibrium line 1nto the hydrate formation
region, the faster the gas hydrate will form. Furthermore, fluid
agitation reduces the time necessary for gas hydrate forma-
tion. One test may take days to run, and several tests are
necessary to provide insight into the kinetic behavior of the
hydrate.

The kinetic behavior, or time for gas hydrate formation was
evaluated 1n one experiment. FIG. 8 shows the time necessary
for a 3% Fluid A+distilled water at 3° C. and a constant
pressure ol 5,000 psig to form a nitrogen hydrate. Once the
fluid was at the test conditions it took approximately 60 hours
for the hydrate to form. It 1s expected that as the operating
condition nears the phase equilibrium boundary, the amount
of time required for hydrate formation will increase. The
variability at different conditions 1s not known, but 1t demon-
strates the long times required to form hydrates in some cases.

A number of correlations have been presented to calculate
the stability zones for nitrogen gas hydrates (Carroll, Sloan, et
al., and Tohidi, et al.). The experiments provided results con-
sistent with that provided by others. The determination of the
phase equilibrium point for nitrogen+distilled water based on
the equipment measurements agrees well with the same 1infor-
mation from van Cleef, Marshal, and others presented in FIG.
3. Therefore, good confidence exists 1n the ability of the
equipment to produce accurate and real results.

A correlation can be made between the operating water
depth and the required volume of glycol to prevent the for-
mation of nmitrogen hydrates in the control system. FIG. 9
illustrates the relationship for a 3,000 psig control system
pressure with 0° C. and 2° C. margin. FIG. 10 provides the
same 1nformation as a weight percentage to determine how
well the correlation compares with the experimental data.

Mitigation strategies can also be developed to prevent
hydrates from forming in the BOP control fluid. These miti-
gation strategies include: Verification of stack mounted accu-
mulator seals on the BOP; addition of 28% by volume of an
alcohol to BOP fluid; addition of another inhibitor which may
require hardware modifications to the BOP; use of argon,
helium or neon as the accumulator working gas 1n lieu of
nitrogen; and monitoring of the BOP control system to deter-
mine 11 a leak has occurred and 1nitiate a countdown.

Most of the mitigation strategies developed have one or
more significant 1ssues that must be resolved for implemen-
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tation. Addition of 28% by volume of an alcohol to the BOP
fluid will shift the hydrate phase equilibrium line to the point
where the operating conditions will not form a hydrate. This
has been verified by testing and modeled successiully. How-
ever, this volume of glycol may not be acceptable for dis-
charge to the environment.

Monoethylene glycol, propylene glycol, glycerol, metha-
nol, or combinations thereof can be used. However, methanol
1s 1ncompatible with some sealing materials and would
require an engineering study and testing before implementa-
tion.

Argon, helium or neon form hydrates at higher pressures/
lower temperatures than nitrogen. Using either of these gases
in the BOP accumulators will mitigate the issue of hydrate
formation. However, the equipment must be configured and
arranged for the rig to handle argon, helium or neon. There 1s
also a cost increase associated with using these gases in the
system.

Nitrogen hydrates cannot form in the absence of nitrogen.
Therefore, an effective strategy in dealing with mitrogen
hydrates 1s ensuring that the BOP accumulators do not leak
nitrogen mnto the control system. A system of checks and tests
should be developed to ensure that the operational BOP does
not have nitrogen leaks into the control system.

As stated above, the 1ce-like substance observed 1s a nitro-
gen hydrate formed by the leakage of mitrogen into the BOP
control system. This assertion was corroborated by research
into the literature concerned with hydrate formation as well as
independent testing. The formation of solid hydrates 1n the
control system 1s consistent with the loss of control of the
BOP, lack of evidence at the surface conditions, observed
formation at the subsea conditions, and evidence gathered
concerning the damaged accumulator seals of the unait.

Although the present invention and 1ts advantages have
been described 1n detail, 1t should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as
defined by the appended claims. Moreover, the scope of the
present application 1s not mtended to be limited to the par-
ticular embodiments of the process, machine, manufacture,
composition of matter, means, methods and steps described 1in
the specification. As one of ordinary skill 1 the art waill
readily appreciate from the disclosure of the present mven-
tion, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to
be developed that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present invention. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps.
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What 1s claimed 1s:

1. A method for preventing formation of a gas hydrate 1n a
BOP fluid in deep water well operations comprising the step
of adding 28% to 35% by volume of an alcohol to the BOP
fluid to form a nitrogen hydrate-resistant BOP fluid, wherein
the BOP fluid 1s resistant to formation of nitrogen hydrates at
a temperature of 2° C. or less and a pressure greater than 2000
psi.

2. The method of claim 1, wherein the alcohol 1s selected
from the group consisting of monoethylene glycol, propylene
glycol, glycerol, methanol, and a mixture thereof.

3. The method of claim 1, wherein a temperature reduction
1s produced 1n a nitrogen hydrate phase equilibrium boundary
of approximately 10° C. for a given pressure.

4. The method of claim 1, wherein the BOP fluid comprises
about 5% by volume of a fluid additive and at least 65% by
volume of water.

5. The method of claim 4, wherein the additive 1s selected
from a group consisting of one or more salts, lubricity com-
ponents, mineral oils, vegetable oils, synthetic hydrocarbon
oils, synthetic silicon-based o1ls, phospholipids, and mixtures
thereof, antifreeze components, anti-corrosion components,
bacterial and/or fungal growth inhibitors, elastomer compat-
ibility components, pour point components, viscosity coms-
ponents, pH components, and combinations thereof.

6. The method of claim 4, wherein the water comprises
deionized water, sea water, rig potable water, and combina-
tions thereof.

7. A method for preventing formation of a gas hydrate 1n
BOP fluid 1n deep water well operations comprising:

verilying stack mounted accumulator seals on a BOP;

adding 28% to 35% by volume of an alcohol to the BOP
fluid, wherein addition of the 28% to 35% by volume of
alcohol 1nhibits nitrogen hydrate formation; and

monitoring the BOP control system to determine 1f a leak
has occurred and initiate a countdown.

8. The method of claim 7, further comprising replacing
nitrogen with helium, neon, or argon as the accumulator
working gas.

9. A hydrate-resistant BOP fluid for deep water well opera-
tions, comprising:

28% to 35% by volume of an alcohol;

at least 5% by volume of a fluid additive; and

balance of water,

wherein the BOP fluid 1s nitrogen hydrate resistant.
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10. The hydrate-resistant BOP fluid of claim 9, wherein the
alcohol 1s selected from the group consisting of monoethyl-
ene glycol, propylene glycol, glycerol, methanol, and a mix-
ture thereof.

11. The hydrate-resistant BOP fluid of claim 9, wherein a
nitrogen hydrate phase equilibrium boundary of the nitrogen
hydrate-resistant BOP fluid 1s approximately 10° C. less for a
given pressure than a mitrogen hydrate phase equilibrium
boundary of a BOP fluid without 28% to 35% by volume of
the alcohol.

12. The hydrate-resistant BOP fluid of claim 9, wherein the
fluid additive comprises one or more salts, lubricity compo-
nents, mineral oils, vegetable oils, synthetic hydrocarbon
oils, synthetic silicon-based oils, phospholipids, and mixtures
thereol, antifreeze components, anti-corrosion components,
bacterial and/or fungal growth inhibitors, elastomer compat-
ibility components, pour point components, viscosity coms-
ponents, pH components and any combination thereof.

13. The hydrate-resistant BOP fluid of claim 9, wherein the
water comprises deionmized water, sea water, rig potable water,
and combinations thereof.
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14. A hydrate-resistant BOP fluid for deep water well
operations, consisting essentially of:

30% to 35% by volume of an alcohol;

5% by volume of a fluid additive; and

balance being water,

wherein the fluid 1s mitrogen hydrate resistant.

15. The hydrate-resistant BOP fluid of claim 14, wherein
the alcohol 1s selected from the group consisting essentially
of: monoethylene glycol, propylene glycol, glycerol, metha-
nol, and a mixture thereof.

16. The hydrate-resistant BOP fluid of claim 14, wherein

the fluid additive 1s selected from a group consisting essen-
tially of: one or more salts, lubricity components, mineral
oils, vegetable o1ls, synthetic hydrocarbon oils, synthetic sili-
con-based oils, phospholipids, and mixtures thereof, anti-
freeze components, anti-corrosion components, bacterial
and/or fungal growth inhibitors, elastomer compatibility
components, pour point components, viscosity components,
pH components and any combination thereof.
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